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1
TIN PHOSPHATE GLASS CONTAINING
EMBEDDED LUMINESCENT MATERIAL
PARTICLES

FIELD OF THE INVENTION

The invention relates to a tin phosphate glass, a method for
the production thereof, and a lighting unit comprising such tin
phosphate glass.

BACKGROUND OF THE INVENTION

Bodies consisting of glass-type materials containing lumi-
nescent materials are known in the art. US2009186433, for
instance, describes a method of making a light emitting
device including mixing a glass powder with a luminescent
material powder including at least one of a sulfide lumines-
cent material, an aluminate luminescent material and a sili-
cate luminescent material to produce a mixed powder in
which the luminescent material powder is dispersed in the
glass powder, heating and softening the mixed powder to
provide an integrated material, and subsequently solidifying
the integrated material to provide a luminescent material-
dispersed glass, and fusion-bonding the luminescent mate-
rial-dispersed glass onto a mounting portion on which a light
emitting element is mounted by hot pressing, and simulta-
neously sealing the light emitting element with the lumines-
cent material-dispersed glass on the mounting portion.

SUMMARY OF THE INVENTION

Yellow inorganic luminescent materials in combination
with blue LEDs now seem to be commodity in producing
white LED lamps. In this way, cold light can be provided. For
long lifetime LED lamps, inorganic solutions seem to be
needed, since organic materials are not stable with respect to
blue/UV light and high temperatures >120° C.

Presently, luminescent materials are sometimes incorpo-
rated in ceramic bodies. An option within the context of
inorganic luminescent materials in combination with LED
light sources could be to incorporate luminescent materials in
glass instead of in a ceramic body. However, it appears that
some luminescent materials, especially nitride based lumi-
nescent materials, cannot (easily) be incorporated into
glasses without damage or even disintegration of the lumi-
nescent material. It also appears that some luminescent mate-
rials are not compatible when heating together, as may hap-
pen when making glasses containing a combination of two or
more different luminescent materials.

Yellow inorganic luminescent materials are typical garnet
type systems like YAG and LuAG with their specific dopes,
especially Ce**. Red inorganic luminescent materials may for
instance be silicon nitride based structures. Co-firing of these
red and yellow luminescent materials appeared to lead to
badly luminescent products. Silicon nitride luminescent
materials and garnet luminescent materials appear to be reac-
tive and may destroy each other. This leads to worse optical
properties, which is of course not desired. A solution could be
to process the different inorganic luminescent materials sepa-
rately as ceramic plates or glasses. This is however less
desired, since it complicates the production process. Further,
it may also complicate adjustment of optical properties.

Hence, it is an aspect of the invention to provide an alter-
native glass containing luminescent material, an alternative
method for the production thereof, and an alternative lighting
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unit comprising such alternative glass, which preferably fur-
ther at least partly obviate one or more of above-described
drawbacks.

Surprisingly, a glass was found wherein a red inorganic
luminescent material could be dispersed, and wherein even a
combination with other luminescent materials could be dis-
persed without substantial detrimental effects on the lumines-
cent properties. It was found that red silicon nitride lumines-
cent material particles could be packaged into a glass matrix
of'tin phosphate glass and it appeared that both red and yellow
luminescent material particles could be dispersed (processed)
in the same glass matrix. Hence, a low temperature melting
glass, especially tin phosphate glass (T, is especially in the
range of 160-250° C., more especially 180-210° C.and T,, is
especially in the range of 250-350° C., more especially 290-
310° C.), with good optical properties is used as glass com-
ponent.

Hence, in a first aspect, the invention provides a tin phos-
phate glass containing embedded luminescent material par-
ticles, wherein the luminescent material particles comprise
luminescent material from the class of CaAlSiN,:Bu?*.

In such glass, luminescent material, especially the indi-
cated red emitting luminescent material may be dispersed,
without substantial damage of the luminescent material. Also
a combination of luminescent material may be dispersed in
the glass.

The tin phosphate glass may especially have the chemical
formula of Sn,(PO,),,, although, as is known with glasses, the
stoichiometry may (locally) slightly differ. Hence, the tin
phosphate glass may especially have the chemical formula of
Sn,(PO,), or close to said stoichiometry. The fact that the
glass is a tin phosphate glass does, in an embodiment, not
exclude the presence of one or more other elements in the
glass than Sn, P and O (not taking into account the dispersed
luminescent particles, which comprise (further) different ele-
ments per se, such as for instance, one or more of Y, Eu and
Ce, etc.). For instance, small amounts of one or more other
elements may be present in the glass (phase).

The luminescent material is dispersed as particles in the
glass. This is herein indicated as that the luminescent material
particles are embedded in the glass. This may for instance be
visible with SEM (see also figures). The luminescent material
particles at least comprise particles from the class of
CaAlSiN,:Eu*.

The phrase “class of CaAlSiN,:Eu**” may imply that the
luminescent material is of the type MAISiN,:Eu**, wherein
M may relate to one or more of Ca, Sr and Ba. Especially, M
relates to Ca and/or Sr, especially at least 80 mol % Ca relative
to the total number of moles of alkaline earth element M.
Hence, in an embodiment, the invention provides such glass,
wherein the luminescent material particles comprise lumines-
cent (Ca,Sr)AISIN;:Eu?*. As example, Ca, 35S, ;sAISIN;:
Eu?* is given. Assuming for instance 0.5% europium, the
formula could be Ca, 4551, ;45sEU, 50sAISING.

The phrase “class of CaAlSiN,:Eu**” may alternatively or
additionally also imply that other elements may partly be
replaced. For instance, Al may partly be replaced by Ga; Si
may partly be replaced by Ge; and N may partly be replaced
by O. In the latter case, charge compensation may be neces-
sary, for instance by some exchange of Si to Al. Preferably,
the M element is at least 80 mol % Ca relative to the total
number moles of alkaline earth element M, and the other
elements Al, Si, N are not replaced by other elements, or only
in an extend to 2 mol % or less, relative to the respective
elements.

Optionally, the CaAlSiN,:Eu** material may contain fur-
ther luminescent ions, like Mn**.
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As indicated above, the glass may also contain other lumi-
nescent materials. Hence, in an embodiment, the tin phos-
phate glass further contains one or more other types of
embedded luminescent material particles. Again, also those
type of particles may be distinguished in the glass, for
instance with SEM and/or EDAX. Hence, the glass may have
particles of two or more luminescent material types embed-
ded.

Especially, the glass may contain embedded luminescent
material particles comprising luminescent material from the
class of Y,ALO,,:Ce’*.

Those luminescent materials together, when mixed in the
appropriate amounts, may lead to white light when excited
with blue or UV light. Dependent upon the amount and the
color of excitation light, the light emanating from the combi-
nation of light source and glass may be warm white or cool
white, or may be colored.

The phrase “the class of Y;AlO,,:Ce**” again indicates
that one or more of Y, Al and O may at least partially be
replaced by other elements. Especially, Y may at least par-
tially be replaced by Gd, Tb, Lu. Further, Al may at least
partially be replaced by Ga, or even Si, and O may at least
partially be replaced by N. In the latter cases, charge com-
pensation may be desired. Especially, the replacement of Al
and O is equal to or less than 2%, relative to Al and O,
respectively. Y may especially be at least partly replaced by
Lu. Hence, in an embodiment, the luminescent material of the
class of Y,AL,O,,:Ce® may also comprise the class of
Lu,AlLQ,,:Ce*.

The term “luminescent material” may also comprise a plu-
rality of luminescent materials. The term “luminescent mate-
rial particles” may in an embodiment also relate to a plurality
of different types of luminescent material particles, such par-
ticles of the class of YAl O, ,:Ce®* and particles of the class
of CaAlSiN,:Bu?, but may in another embodiment for
instance also relate to a glass containing embedded particles
of Y3ALO,,:Ce’*, LuyALO,,:Ce™, CaAlSiN,:Eu?, and for
instance (Ca, oSr, ;)AISiN;:Eu*, respectively.

If desired, the luminescent material particles may be
coated. Further, the weight percentage of the total amount of
luminescent material particles relative to the total weight of
the thin phosphate glass may be in the range of 0.5-20 wt. %,
such as in the range of 1-15 wt. %.

The tin phosphate glass may especially be obtainable by
vitrification of a tin source and a phosphate source in the
presence of luminescent material particles. This may be per-
formed in several ways, see also below. Vitrification herein
especially means the transformation of a substance into a
glass.

In a further aspect, the invention provides a method for the
production of a tin phosphate glass containing embedded
luminescent material particles, the method comprising vitri-
fying a tin source and phosphate source, in the presence of
luminescent material particles, especially wherein the lumi-
nescent material particles comprise luminescent material
from the class of CaAlSiN,:Fu*. For instance, the tin source
and phosphate source may be heated until a liquid glass is
obtained. Then, the luminescent material particles may be
added. Upon cooling down, often with a rapid temperature
drop, the glass is formed.

Alternatively or additionally, the tin source and phosphate
source may be heated until a liquid glass is obtained in the
presence of the luminescent material particles. Upon cooling
down, often with a rapid temperature drop, the glass is
formed.

In a specific embodiment, the tin source and phosphate
source are provided as tin phosphate glass particles. This may
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imply that first a tin phosphate glass is produced, and the thus
obtained glass is particulated, for instance by grinding. The
thus obtained glass particles may then be used as starting
particles and may be vitrified into the glass of the invention,
by the above defined method and method embodiments.
Especially, the tin source comprises one or more of tin oxide
(especially SnO) and tin oxalate (SnC,0,; stannous oxalate).
Further, especially the phosphate source comprises one or
more of P,O5 and NH,H,PO,.

The above glass may especially be used for light conver-
sion of light of a light source. Hence, the glass may be used as
light conversion unit. In this way, UV light and/or blue light
may for instance (partly) be converted in visible light. The
luminescent materials may be selected to provide the desired
color point and other desired optical properties. When UV
light is used, for instance a blue emitting luminescent material
may (additionally) be applied.

Hence, especially the light source is configured to provide
light source light with a wavelength selected from the UV and
blue range. The term “light source” may also refer to a plu-
rality of light sources. Optionally, different types of light
sources may be applied, such as a UV light source and a blue
light source. Optionally, additional light sources may be
applied to further tune the color point. For instance, in addi-
tion to one or more blue light sources, a green emitting and/or
red emitting light source may be applied, irrespective of the
fact that the tin phosphate glass comprises a red emitting
luminescent material.

Hence, in a further aspect the invention provides a lighting
unit comprising a light source and a light conversion unit,
wherein the light conversion unit comprises the tin phosphate
glass as described herein, wherein the light source is config-
ured to provide light source light, and wherein the light con-
version unit is configured to convert at least part of the light
source light into visible light. The luminescent material par-
ticles embedded in the tin phosphate glass may in an embodi-
ment have particle size dimensions in the range of 0.5-15
mum. Especially, 50% of the embedded particles has particle
size dimensions in the range 0f 0.5-15 pm, such as in the range
of 1-10 um.

Especially, for instance in view of design aspects such as
dimensions, but also in view of stability, the light source
comprises a solid state light source (i.e. a solid state light
emitting diode LED). Alternatively, the light source may
comprise a laser diode.

The tin phosphate glass may be arranged at a distance or
very close or even in physical contact with the light source. In
an embodiment, the light source is a solid state light source
with a LED die, and the tin phosphate glass is in physical
contact with the LED die. This may be beneficial in view of
dimensions and in view of efficiency. In an embodiment, the
glass is directly bonded to the die. Optionally, an optical
coupling paste may be applied between the die and the tin
phosphate glass.

However, the tin phosphate glass may also be arranged
remote from the light source. Especially, the invention also
provides an embodiment of the lighting unit as described
herein, comprising a light box, wherein the light source is
contained in the light box, and wherein the light conversion
unit is a light transmissive window of the light box. The light
transmissive window of the light box in this embodiment
comprises the tin phosphate glass (with embedded lumines-
cent material particles). As will be clear to the person skilled
in the art, the light box may comprise a plurality of light
sources, optionally with one or more different types of light
source light.
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Hence, the invention especially provides for LED applica-
tions red luminescent inorganic silicon nitride luminescent
material and optionally one or more other luminescent mate-
rials, such as yellow inorganic (YAG, LuAG family), embed-
ded in a tin phosphate glass, thereby providing both a red and
optionally a yellow luminescent material into one inorganic
matrix.

The term “substantially” herein, such as in “substantially
all emission” or in “substantially consists”, will be under-
stood by the person skilled in the art. The term “substantially”
may also include embodiments with “entirely”, “com-
pletely”, “all”, etc. Hence, in embodiments the adjective sub-
stantially may also be removed. Where applicable, the term
“substantially” may also relate to 90% or higher, such as 95%
or higher, especially 99% or higher, even more especially
99.5% or higher, including 100%. The term “comprise”
includes also embodiments wherein the term “comprises”
means “consists of”.

Furthermore, the terms first, second, third and the like in
the description and in the claims, are used for distinguishing
between similar elements and not necessarily for describing a
sequential or chronological order. It is to be understood that
the terms so used are interchangeable under appropriate cir-
cumstances and that the embodiments of the invention
described herein are capable of operation in other sequences
than described or illustrated herein.

The devices herein are amongst others described during
operation. As will be clear to the person skilled in the art, the
invention is not limited to methods of operation or devices in
operation.

It should be noted that the above-mentioned embodiments
illustrate rather than limit the invention, and that those skilled
in the art will be able to design many alternative embodiments
without departing from the scope of the appended claims. In
the claims, any reference signs placed between parentheses
shall not be construed as limiting the claim. Use of the verb
“to comprise” and its conjugations does not exclude the pres-
ence of elements or steps other than those stated in a claim.
The article “a” or “an” preceding an element does not exclude
the presence of a plurality of such elements. The invention
may be implemented by means of hardware comprising sev-
eral distinct elements, and by means of a suitably pro-
grammed computer. In the device claim enumerating several
means, several of these means may be embodied by one and
the same item of hardware. The mere fact that certain mea-
sures are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot be
used to advantage.

The invention further applies to a device comprising one or
more of the characterizing features described in the descrip-
tion and/or shown in the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by
way of example only, with reference to the accompanying
schematic drawings in which corresponding reference sym-
bols indicate corresponding parts, and in which:

FIGS. 1a-1b schematically depict some embodiments of
the tin phosphate glass;

FIGS. 2a-2b schematically depict some embodiments of
the lighting unit.

The drawings are not necessarily on scale.

FIG. 3 shows a SEM picture of a the tin phosphate glass
with luminescent material embedded.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

FIG. 1a schematically depicts a tin phosphate glass 100
containing embedded luminescent material particles 10,
wherein the luminescent material particles 10 comprise lumi-
nescent material from the class of CaAlSiN,:Fu®*. Reference
11 is used to indicate those specific class of (CaAlSiN,:Eu*)
particles.

The glass may be provided as a plate, having for instance a
height h of 0.2-10 mm, such as 0.5-10 mm. Such plate may
have first face 101 and an opposite second face 102 (at a
distance of each other of h).

FIG. 15 schematically depicts the same embodiment, now
with luminescent material particles 10 of a second type or
class. Those luminescent particles of another class, such as
cerium doped YAG, are indicated with reference 12.

The tin phosphate glass 100 can be used as light conversion
unitor as part of a light conversionunit. Such light conversion
unit is indicated with reference 150. For consistency with
FIGS. 2a-2b, the tin phosphate glasses 100 are therefore also
indicated as light conversion units 150.

FIG. 25 schematically depicts an embodiment of a lighting
unit 1 comprising a light source 200 and a light conversion
unit 150 (see also above). The light conversion unit 150
comprises the tin phosphate glass 100. Here, in this schematic
drawing the glass 100 is the light conversion unit. The light
source 200 is configured to provide light source light 205. The
light conversion unit 150, more especially the tin phosphate
glass 100, even more especially the therein embedded lumi-
nescent material, is configured to convert at least part of the
light source light 205 into visible light 105. The combination
of visible light 105 of the luminescent material and the
optional remaining (i.e. non-absorbed light source light 205)
downstream of the light conversion unit 150 is indicated as
(lighting unit) light 5.

In FIG. 2a, the light source 200 is a solid state light source
with a LED die 210. By way of example, the tin phosphate
glass 100 is in physical contact with the LED die 210. For
instance, the tin phosphate glass 100 may be directly bonded
to the die LED 210. Optionally, a light coupling paste may be
arranged in between

Optionally, the tin phosphate glass 100 may be remote
from the light source 200. An example of such embodiment is
schematically depicted in FIG. 2b6. FIG. 26 schematically
depicts an embodiment of the lighting unit 1, comprising a
light box 30. The light source 200, or at least its light emitting
part, is contained in the light box 30. The light conversion unit
150 is here a light transmissive window 31 of the light box 30.
As indicated above, the tin phosphate glass 100 may comprise
a plurality of luminescent material types.

Further, the lighting unit 1 may comprise a plurality of (tin
phosphate) glasses 100, here indicated by tin phosphate glass
100 and a second glass 100", which may also be a tin phos-
phate glass but which may also be another glass. Alterna-
tively, the lighting unit may comprise such tin phosphate glass
100 and a glass, optionally a tin phosphate glass, which com-
prises one or more other luminescent materials (than tin phos-
phate glass 100).

Further, the window 31 may comprise optional further
optics, indicated with reference 35, like a diftuser, or a colli-
mator (like an micro lens optic MLLO layer). The interior of
the light box 30 is indicated with reference 32. The light box
30 may have reflective surfaces (in an embodiment except for
the window 31).

FIG. 3 shows a SEM graph of a tin phosphate glass 100.
The entire graph shows the transmissive tin phosphate glass
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100, with clearly present the luminescent material particles
10 embedded. Even, the different types of luminescent mate-
rial particles are visible, including crystallographic edges/
faces.

Tin phosphate glasses with dispersed red and yellow lumi-
nescent material particle are easy to detect by chemical analy-
sis. See for example the SEM and EDAX measurement
above.

EXPERIMENTAL
Example 1

The tin phosphate glass was milled in a crucible and mixed
with calcium aluminum silicon nitride luminescent material.
A powder compact of this mixture was heat treated in a
furnace. The result was a pellet where red particles were
dispersed in a clear glass matrix of tin phosphate. The pellet
was tested onto blue LEDs and blue light was at least partly
converted into red light.

Example 2

In a second experiment glass particles+red luminescent
particles (11) and yellow luminescent particles (12) (YAG:
Ce) particles were mixed and compacted. After heat treat-
ment, again pellets were formed and tested on blue LEDs.
Warm white light was generated by the luminescent material
mix glass matrix (composite).

Example 3

All kind of glasses were tested on their ability to host the
red luminescent material and to host a combination of lumi-
nescent materials. It appeared that from all investigated
glasses only the tin phosphate glass had suitable properties.

For instance, tellurium phosphate glasses was prepared,
but they were all colored (yellow/orange). The T, of these
glasses were not lower than 300° C. The lowest T° measured
of tellurium phosphate glass was 347° C.

The tin phosphate glasses made for this application have
typical refractory indices between 1.5 and 1.7.

Example 4

Tin(Il)oxide (SnO) powder 10 and Ammonium phosphate
monobasic crystalline powder (NH,H,PO,) were used for the
preparation on tin phosphate glass. SnO and NH,H,PO,, pow-
ders were mixed and heated in crucible. Water and ammonia
was evaporated out. After some time, the glass was cast onto
a cold steel plate. A colorless clear glassy matrix was frozen
in and the T, is of these samples were between 190 and 200°
C.T,, was near 300° C.

The invention claimed is:

1. A tin phosphate glass essentially having a chemical
formula of Sn,(PO,), containing embedded luminescent
material particles, wherein the luminescent material particles
comprise luminescent material including Mo ,f3 ;2. :Fu*,
wherein M is at least one element selected from the group
consisting of Ca, Sr or Ba, wherein a is selected from the
group consisting of Al or (Al, Ga), wherein fj is selected from
the group consisting of Si or (Si, Ge), wherein X is selected
from the group consisting of N or (N, O) and wherein A+B=2.

2. The tin phosphate glass according to claim 1, wherein M
is (Ca,Sr), ais Al, p is Si, 2 is N, A=1 and B=1.
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3. The tin phosphate glass according to claim 2, further
containing one or more other types of embedded luminescent
material particles.

4. The tin phosphate glass according to claim 3, further
containing embedded luminescent material particles com-
prising luminescent material including Zogs:Ce,
wherein Z is at least one element selected from the group
consisting of Y, Gd, Tb or Lu, wherein ¢ is at least one element
selected from the group consisting of Al, Ga or Si, wherein 1
is least one element selected from u consisting of O or N and
wherein D+G=17.

5. The tin phosphate glass according to claim 4, wherein
D+5+2% and wherein G=12+2%.

6. The tin phosphate glass according to claim 4, wherein
the tin phosphate glass is obtainable by the vitrification of a
tin source and a phosphate source in the presence of lumines-
cent material particles.

7. The tin phosphate glass according to claim 6, wherein
the weight percentage of the total amount of luminescent
material particles relative to the total weight of the thin phos-
phate glass is in the range 0f 0.5-20 wt. %.

8. A lighting unit comprising a light source and a light
conversion unit, wherein the light conversion unit comprises
the tin phosphate glass according to claim 7, wherein the light
source is configured to provide light source light, and wherein
the light conversion unit is configured to convert at least part
of the light source light into visible light.

9. The lighting unit according to claim 8, wherein the light
source comprises a solid state light source.

10. The lighting unit according to claim 9, wherein the light
source is configured to provide light source light with a wave-
length selected from the UV and blue range.

11. The lighting unit according to claim 10, wherein the
light source is a solid state light source with a LED die, and
wherein the tin phosphate glass is in physical contact with the
LED die.

12. The lighting unit according to claim 10, wherein the tin
phosphate glass is remote from the light source.

13. The lighting unit according to claim 12, comprising a
light box, wherein the light source contained in the light box,
and wherein the light conversion unit is a light transmissive
window of the light box.

14. A method for the production of a tin phosphate glass
essentially having a chemical formula of Sn,(PO,), contain-
ing embedded luminescent material particles comprising vit-
rifying a tin source and phosphate source in the presence of
luminescent material particles, wherein the luminescent
material particles comprise luminescent material including
Mo, pzZ5:Eu2+, wherein M is at least one element selected
from the group consisting of Ca, Sr or Ba, wherein a is
selected from the group consisting of Al or (Al, Ga), wherein
p is selected from the group consisting of Si or (Si, Ge),
wherein 2 is selected from the group consisting of N or (N, O)
and wherein A+B=2.

15. The method according to claim 14, wherein the tin
source comprises one or more of tin oxide and tin oxalate and
wherein the phosphate source comprises cine or more of
P205 and NH4H2PO4.

16. The method according to claim 14, wherein the tin
source and phosphate source are provided as tin phosphate
glass particles.

17. A tin phosphate glass essentially having a chemical
formula of Sn(PO,), containing embedded luminescent
material particles, wherein the luminescent material particles
comprise a nitride-based luminescent material.
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